Abstract -A stator-separated axial flux-switching hybrid excitation synchronous machine (SSAFHESM) is introduced in this paper. The flux-leakage coefficient of SSAFHMSM is studied by finite element analysis (FEA) with the depth of nonmagnetizer, and its field control ability is analyzed under different excitation currents. FEA results show that the fluxleakage coefficient is reduced evidently when the depth of nonmagnetizer varies from 0 to 8mm, while it is almost not changed when the depth of non-magnetizer is greater than 8mm. Good field control ability is obtained in SSAFHESM.
I. INTRODUCTION
The flux-switching permanent magnet (FSPM) machine is a brushless machine that PMs installed on its stator [1] [2] , in which no PMs and winding on its rotors, and it has a simple structure and stable running with wide speed range, higher power density and efficiency. FSPMs with the bi-polar winding flux-linkage have the higher EMF coefficient and electric-magnetic torque than that of the common doublesalient permanent machine (DSPM).
However, FSPMs are difficult to be applied in constant generation and wide-range speed regulations with constant power because of its fixed air-gap magnetic flux density.
A stator-separated axial flux-switching hybrid excitation synchronous machine (SSAFHESM) is presented in this paper, and its FEA structure model is built by software Ansys, of which the flux-leakage coefficient and field control ability are studied by FEA. Fig.1 shows the structure of SSAFHESM. It is a brushless AC synchronous machine with double air-gap, which consists of a back-to-back stator and two disc rotors. The two rotors are connected with the stator coaxially. Several "H" type stator cores assembly form the whole stator core of SSAFHESM, which is divided into two independent parts by the non-magnetizer. The concentrated armature windings are embedded in the adjacent stator core separated by PMs and field brackets. The field windings are axially winded on the surface of field brackets, which makes it to be a brushless AC machine. The magnetic field in SSAFHESM is distributed axially, which is conductive to heat dissipation, lowering the heat loss and improving the efficiency. The rotor is composed of rotor teeth and rotor yoke, disc structure. For the machine, the stator core is divided into internal and external parts by non-magnetizer. Under the ideal circumstance, PM flux will not pass through non-magnetizer, the upper half of stator core and field bracket. However, small portion of the flux may be pass through the above flux path and become leakage magnetic flux in actual work, and it will directly affect the operation performance of SSAFHESM. Thus, the flux-leakage coefficient should be low to certain value, while the machine volume can not be too large. To this machine, the depth of non-magnetizer is the key factor to the flux-leakage coefficient. If the depth of non-magnetizer is too small, the leakage magnetic flux will be excessive relatively, and the flux-leakage coefficient will be increased. In the opposite case, the leakage magnetic flux will be relatively small, and also the flux-leakage coefficient, but the size of the machine will be relatively big. Thus, a proper depth is needed to reduce the flux-leakage coefficient, ensuring that the size of the machine is not too big.
II. STRUCTURE AND MODEL OF SSAFHESM

A. Structure of SSAFHESM
The following study is bout the flux-leakage coefficient of SSAFHMSM with depth of non-magnetizer. Fig.1 (b) shows the magnetic circuit of electrical machine corresponding to Fig.1 (a) . Assuming electromagnetic magnetic potential is zero, the machine is mainly composed of main magnetic circuit and leakage magnetic circuit in parallel. Correspondingly, total magnetic flux Φ pm /Φ e is the sum of airgap main flux Φ δ and leakage flux Φ σ .
The flux-leakage coefficient σ is defined by
Where Φ pm /Φ e is the magnetic flux created by PM or excitation current, Φ δ is the air-gap magnetic flux.
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B. Finite Element model
Because there are axial and radial magnetic flux distributions in SSAFHMSM, it is difficult to calculate the magnetic field distribution accurately using the traditional method of equivalent magnetic circuit. In the following, the flux-leakage coefficient of SSAFHESM is obtained by FEA with the depth of non-magnetizer changed. The FEA structure model is built by commercial finite element analysis software ANSYS. Fig.2 shows the FEA model of the machine, and its FEA structure and mesh model are shown in Fig.2 (a) and (b) respectively. The machine is mainly composed of stator core, armature winding, PMs, field brackets, field winding, nonmagnetizer, rotor core, etc. 
III. ANALYSIS OF THE FLUX-LINKANGE COEFFICIENT
A flux-leakage coefficient can be obtained, when the depth of non-magnetizer varies from 0 to 22mm, through meshing, exerting boundary conditions, solving and post-processing in the structure model. Fig.3 shows the stator core models with the depth of nonmagnetizer H_gc. H_gc is varied from 0 to 22mm during the model is analyzed and calculated, however, the models with the depth 2mm, 4mm, 6mm and 8mm are only given due to limited space available. Especially, when the depth is 0, the stator core is a whole.
Correspondingly, the stator core structure models are shown in Fig.4 , from which it can be known that a stator core is divided into the internal and external parts, especially, it is a whole when the non-magnetizer depth is 0. When the distance between two parts is gradually increased, the magnetic resistance is also increased accordingly, which can reduce the influence of magnetic leakage efficiently. After FEA calculations, the magnetic flux distributions in stator core are given in Fig.5 , where the non-magnetizer depth varies from 0 to 8mm. From Fig.5 (a) , it can be found that the flux density in the stator core is bigger, and it is even saturated in the field brackets with no non-magnetizer applied because PM flux may pass through stator core and field brackets.. When the stator core is divided into inner and outer parts, the field distribution in the stator core is changed evidently, and the magnetic flux in the outer part of stator core decreases rapidly, while it is almost reduced to 0 when the nonmagnetizer depth is increased from 6mm to 8mm. Accordingly, the total flux, flux through one of field brackets, air gap flux and the flux-leakage coefficient curves are shown from Fig.6 to Fig.9 respectively, from which it can be known that the total flux, flux through one of field brackets have the same variation. An obvious decrease is obtained when the non-magnetizer increases from 0 to 8mm, while it is almost not changed when the depth increases from 8mm to 22mm. In addition, the air gap flux is increased obviously when the depth increases from 0 to 8mm, while it is almost not changed when the depth increases from 8mm to 22mm. Some calculated results of flux-leakage coefficient with the non-magnetizer depth are given in table I, from which it can be found that flux-leakage coefficient is decreased with the depth increased and it is decreased rapidly when the nonmagnetizer depth increases from 0 to 8mm, while it is almost not changed when the depth increases from 8mm to 22mm. IV. FIELD CONTROL ABILITY According to the above obtained calculated results of fluxleakage coefficient with the depth of non-magnetizer, 6mm is chosen for the depth of non-magnetizer, and then a model is rebuilt. The magnetic filed distribution of no-load is calculated through applying different DC currents in filed windings, and the winding flux and EMF waveforms are obtained when the excitation current is -4A, 0 and 4A respectively. The effects of flux strengthening and weakening are almost the same because the electromagnetic magnetic circuit and the permanent magnetic circuit are of independent each other. This paper presents a stator-separated axial flux-switching hybrid excitation synchronous machine, of which the structure characteristic is analyzed and the FEA model is built, furthermore, the flux-leakage coefficient and field control ability are studied. It shows that the optimal depth of nonmagnetizer can be chosen from 6mm to 8mm, and a field control ability is obtained.
